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784 pp. $158As recently as the 1980s, the study of 
carbohydrate chemistry and oligosac-
charides failed to excite the general sci-
entific imagination, and many biologists 
questioned whether there was any real 
role for sugars in biological processes. 
Fortunately, this is no longer the case—
the field of glycobiology is now thor-
oughly enmeshed in the mainstream of 
biochemistry and biology. From protein 
folding, cell communication, develop-
ment, and immunology to therapeutics, 
glycobiology has revealed itself to be a 
central component of all aspects of biol-
ogy. So the time is definitely right for 
publication of the second edition of the 
“Essentials of Glycobiology,” for both 
students and researchers.
This updated edition contains 51 
chapters organized into six main sec-
tions: general principles, structure and 
biosynthesis, organismal diversity, gly-
can-binding proteins, glycans in physi-
ology and disease, and, finally, meth-
ods and applications. Over 50 authors 
have contributed to this edition, which 
is reflected in the breadth of the chapter 
topics. Despite this wide coverage and 
authorship, the volume benefits from a 
coherent style with excellent new color 
illustrations that bring often complex 
and technical concepts to a readership 
that may not be familiar with some of the 
subtleties of glycobiology. Particularly 
welcome in this latest edition is a more 
rigorous approach to phylogenetic clas-
sification of what might at first appear to 
be an overwhelming diversity in struc-
tural carbohydrates. The increased 
emphasis on nonmammalian glycosyla-
tion introduces a welcome balance, and 
this section of the text is well introduced 
by a broad, evolutionary consideration of 
the selective forces that have shaped the 
incredible diversity of natural glycosyla-
tion. Updated sections on the analytical and synthetic techniques are timely, and 
the chapters on protein-carbohydrate 
interactions will serve as a good refer-
ence point for those unfamiliar with lectin 
biology.
However, without a significant amount 
of assumed background knowledge or 
a general introduction to the topic, the 
text in some places may come across to 
many readers as a molecular shopping 
list. Although to a certain degree this is 
unavoidable, the overall organization of 
the book seems more fitting for a previ-
ous era in which the biological roles of 
glycans and protein-glycan interactions 
were still something of a mystery. There 
is a tendency to view some subjects in 
isolation rather than as an integral part 
of biochemistry. For example, an under-
graduate textbook would be unlikely to 
devote specific chapters to “leucine-rich 
domains” or “immunoglobulin folds” with 
the goal of using these to explain their 
varied biological roles. This way of subdi-Cell 13viding content might be optimal in a struc-
tural biology reference book, but biologi-
cal functionality is not readily understood 
from such a perspective. It would be bet-
ter to focus on specific principles and let 
the reader use these to understand lec-
tins when they encounter them.
The depth of coverage is also highly 
variable. For example, although the 
chapter entitled “Structural Basis of Gly-
can Diversity” covers monosaccharide 
chemistry and structure in considerable 
detail, it omits those monosaccharides 
often found in nonvertebrates and plants. 
Some of these compounds are found in 
other chapters, but it would have been 
helpful if a more complete list of mono-
saccharides, with their three letter abbre-
viations, were included in this chapter. It 
would also have been useful to extend 
this chapter to cover oligo- and polysac-
charides. Some information on cellulose 
and xyloglycans is present in the chapter 
on plant carbohydrates, but this section 
could have been more in depth. State-
ments such as “…side chains that con-
tain twelve different sugars in more than 
twenty different linkages” (p. 329) could 
have benefitted from further explana-
tion. Similar comments apply to the brief 
description of the O-linked chains of the 
lipopolysaccharides found in Gram-nega-
tive bacteria. The field of protein glycation 
receives only one paragraph, and impor-
tant groups of glycolipids such as steroid 
glycosides (or plant glycosides in general) 
are not covered. Similarly, there is also 
little information on the use of exoglycosi-
dases for sequencing N- and O-linked 
glycans, which is one of the most useful 
and widespread techniques.
Another major concern relates to the 
use of a graphical representation scheme 
for glycan structures that has an over-
reliance on color. Given the wide read-
ership of this book, an opportunity was 
missed to provide a standardized system 
that could be used both in publications 
and in day-to-day laboratory and teach-
ing settings. The opportunity remains for 
future editions to employ existing graphi-
cal representations of glycan structures, 
wherein linkage, structure, and composi-
tion are conveyed without the need for 
color or excessive numerical text.
Some recent achievements in glycobi-
ology research do not garner the atten-
tion they merit. A timeline of important 7, June 26, 2009 ©2009 Elsevier Inc. 1175
discoveries in the history of glycobiol-
ogy is presented in the opening chapter, 
but this is terminated in 1987 “on the 
assumption that it can take a long time 
to be certain that a particular discovery 
has had a major impact on the field” (p. 
7). Although a certain degree of caution 
is understandable, there certainly have 
been many major accomplishments in 
the past two decades worthy of recogni-
tion. For example, matrix-assisted laser 
desorption/ionization (MALDI) and elec-
trospray ionization mass spectrometry 
are not included, nor are the notions of 
cell-specific and site-specific glycosyla-
tion that are so important for the biotech-
nology industry. Other recent achieve-
ments that could be trumpeted include 
the in-gel release methods for sequenc-
ing oligosaccharides, the development 
of glycodrugs that are now on the mar-
ket, such as Zavesca (for Gaucher dis-
ease), and the ongoing development of 
glycoform-defined therapeutic antibod-
ies with enhanced effector functions. In 
addition, many of the advances in glyco-
biology have come from the application 
of the techniques of other disciplines, 
such as recombinant DNA technology, 1176 Cell 137, June 26, 2009 ©2009 Elsevieglycoprotein folding, the use of glycosy-
lation inhibitors at specific steps in oli-
gosaccharide synthesis pathways, and 
the dramatic advances in sequencing 
of oligosaccharide structures. The lat-
ter is mentioned in the introduction, but 
receives relatively little coverage in the 
text.
There are missed opportunities to con-
vey the biological relevance of glycobiol-
ogy to a broader audience. For example, 
the roles of glycans in the assembly and 
loading of antigen onto major histo-
compatibility complex I molecules and 
in the formation of the T cell immuno-
logical synapse deserve mention. Also, 
the glycosylation of the antibody mol-
ecule affords an important example of 
how different glycoforms alter effector 
functions. Given that over 1000 thera-
peutic antibodies are currently either in 
the clinic or being evaluated, this book 
would have been a terrific opportunity 
to show the relevance of glycobiology 
for all those working with antibodies. 
Indeed, a structure of the immunoglobu-
lin G molecule with the attached sugars 
would have allowed the reader to see 
their sugars integrated into a structural r Inc.context. The section on virology could 
have highlighted the folding of many viral 
envelope glycoproteins in the endoplas-
mic reticulum (ER) via the lectin calnexin 
(and the importance of sugars in glyco-
protein folding). These events could then 
have been linked to the quality control 
machinery of the ER and with antigen 
presentation. Discussion of the folding 
problem and the significance of mutation 
of glycosylation sites on viruses such as 
HIV could have united many different 
aspects of glycobiology.
Without placing the general prin-
ciples of glycobiology in the context of 
the most up-to-date and relevant exam-
ples, the direction and purpose of many 
sections of the text may be lost to the 
general reader. In that sense, the book 
is rather like a fast-paced tour guide to 
a famous museum—helpful in pointing 
out the most important artifacts so that 
they can be viewed quickly, but not pro-
viding a full appreciation of why they are 
so important. On balance, however, the 
book provides a helpful overview of the 
important subject of glycobiology and 
will be a useful reference for students 
and researchers.
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